Differentiated thyroid cancer (DTC) is the most common endocrine malignancy and the fifth most common cancer in women. DTC therapy requires a multimodal approach, including surgery, which is beyond the scope of this paper. However, for over 50 years, the postoperative management of the DTC post-thyroidectomy patient has included radioactive iodine (RAI) ablation and/or therapy. Before 2000, a typical RAI post-operative dose recommendation was 100 mCi for remnant ablation, 150 mCi for locoregional nodal disease, and 175-200 mCi for distant metastases. Recent recommendations have been made to decrease the dose in order to limit the perceived adverse effects of RAI including salivary gland dysfunction and inducing secondary primary malignancies. A significant controversy has thus arisen regarding the use of RAI, particularly in the management of the low-risk DTC patient. This debate includes the definition of the low-risk patient, RAI dose selection, and whether or not RAI is needed in all patients. To allow the reader to form an opinion regarding post-operative RAI therapy in DTC, a literature review of the risks and benefits is presented.
Introduction
The incidence of differentiated thyroid cancer (DTC) has been rising (Chen et al. 2009 ) with 60 000 new cases expected in 2013 (Siegel et al. 2013 ). This increase is not due to an improved detection rate alone, as the increase involves not only small tumors identified by ultrasound, but also tumors of all sizes, and this upward trend was identified before the routine use of screening ultrasound (Chen et al. 2009 , Di Cristofano 2013 . At the same time, there is a recent trend toward being less aggressive with initial DTC surgery in order to limit surgical morbidity (Zetoune et al. 2010 , Shan et al. 2012 .
Radioactive iodine (RAI) has been used for the postsurgical treatment of DTC for over 50 years. RAI dose selection is generally based on patient risk factors most often referenced from the current American Thyroid Association (ATA) guidelines (see below; Cooper et al. 2009 ). The use of relatively large doses of RAI, i.e. 200 mCi of RAI or higher, is generally accepted for the management of high-risk patients. Controversy, however, stems from those patients designated as low risk. This dispute pertains to the use of low-dose, i.e. 30 mCi, vs high-dose, i.e. 100-150 mCi, RAI in the low-risk DTC patient.
The following is a literature review pertaining to the post-thyroidectomy low-risk DTC patient, and the use of low-vs high-dose RAI ablation. We propose that before low-dose RAI ablation is adopted as the standard of care, longer term survival studies need to demonstrate that lowdose RAI ablation is equivalent to high-dose RAI ablation in preventing recurrent DTC. Long-term recurrence-free survival (RFS) and overall survival (OS) per se should be the ultimate standards by which these two treatments are compared. Recent reports recommending RAI ablation in selective low-and intermediate-risk post-operative DTC patients will also be discussed (Ibrahimpasic et al. 2012 , Rosario et al. 2012 . Finally, a literature review of the risks of RAI therapy will be presented.
Discussion

Purposes of post-surgical RAI therapy
The three goals of post-surgical RAI therapy in patients with differentiated DTC are enumerated by Tuttle et al. (2010) : i) to ablate residual normal thyroid tissue that may facilitate surveillance. ii) As 'adjuvant therapy' because of the potential tumoricidal effect on residual microscopic RAI-avid disease. iii) To provide a post-treatment whole-body scan often revealing unknown local or distant metastases.
While these goals are important, the ultimate endpoint of post-surgical ablation is to minimize DTC recurrence and death, primarily by eliminating residual normal thyroid tissue or residual microscopic disease that could be a focus for future recurrence.
Recent ATA guidelines (2009) to assess the risk of DTC recurrence
Low-risk patient: i) no local or distant metastases; ii) all macroscopic tumor resected; iii) no locoregional tumor invasion; iv) tumor lacks aggressive histology (e.g. tall cell, insular, and columnar cell carcinoma) or vascular invasion; and v) no 131 I uptake outside the thyroid bed on initial post-treatment whole-body RAI scan (RxWBS), if performed (Cooper et al. 2009 ).
Intermediate-risk patient: i) microscopic tumor invasion into the peri-thyroidal soft tissues at initial surgery; ii) cervical lymph node metastases or 131 I uptake outside the thyroid bed on initial RxWBS; or iii) aggressive histology or vascular invasion. High-risk patient: i) macroscopic tumor invasion; ii) incomplete tumor resection; iii) distant metastases; and possibly iv) thyroglobulinemia out of proportion to RxWBS findings.
Long-term RFS and OS are required to determine the best therapy DTC recurrences may not present until 10-20 years postablation (Mazzaferri 1997) . A long-term study (median follow-up 15.7 years) by Mazzaferri & Jhiang (1994) demonstrated that DTC patients not treated with RAI exhibited a continually increasing death rate for 30 years ( Fig. 1) . Patients receiving early RAI ablation had superior survival.
Another study on 1599 RAI-treated thyroid cancer patients from MD Anderson Cancer Center with long-term follow-up (median, 11 years) demonstrated an 11% death rate from DTC. Early RAI therapy was the single most important factor predicting long-term survival (Samaan et al. 1992) .
Delayed recurrence and late-stage progression of thyroid cancer are probably related to dormancy and then reactivation of thyroid cancer cells that have already metastasized at the time of initial treatment (Ringel 2011 ). Reactivation of metastatic DTC is hypothesized to be due to several factors, including changes in immune competence. Studies in patients with lymphoma have shown that cytotoxic CD8 T-lymphocytes are capable of maintaining tumors in a dormant state (Farrar et al. 1999) . It is possible that reactivation of DTC metastases could be due to declining immune competence that is well known to occur with aging (Fulop et al. 2013) . It is also possible that immune competency is significantly different between clinical populations. For example, diabetics with decreased immune competence have a significantly increased incidence of cancer (Starup-Linde et al. 2013) .
A recent study has also linked elevated BMI in childhood to an increased risk of developing DTC in adulthood (Kitahara et al. 2013) . Similarly, the increased incidence of DTC in the USA correlates with the rising prevalence of obesity (Di Cristofano 2013 , Pazaitou-Panayiotou et al. 2013 ). Populations with a high incidence of diabetes and obesity, such as those in South Texas (Duran-Gonzalez et al. 2011) , have a higher rate of DTC compared with the general USA population (Lopez et al. 2013 , Pappa & Alevizaki 2013 . Hence, long-term studies on RFS and OS in DTC patients treated with low-vs high-dose RAI early in their disease, carried out for at least 15 years, should not only consider clinical population diversity, but also address geographic differences.
RAI dose controversy in initial treatment of the low-risk patient
In 2012, two highly publicized New England Journal of Medicine articles (Mallick et al. 2012 , Schlumberger et al. 2012 recommended 30 mCi of RAI for all postthyroidectomy low-risk DTC patients. In the following review, the first (Schlumberger et al. 2012) will be referred to as Schlumberger's, and the second (Mallick et al. 2012 ) as Mallick's. Both New England Journal of Medicine articles claim equivalent RAI ablation effectiveness with 30 vs 100 mCi. However, the follow-up period of both studies was too short (6-9 months, Mallick and 8 months, Schlumberger) to determine whether the long-term RFS or OS was equivalent for both ablation doses. Mallick states, 'Our findings relate to thyroid ablation success at 6 to 8 months and do not address future recurrences' (Mallick et al. 2012 ). This statement is also true for Schlumberger's article. Nevertheless, Schlumberger states that '30 mCi may be sufficient for the management of low-risk thyroid cancer' (Schlumberger et al. 2012) . While the conclusions may be true over the short term, we contend that long-term RFS and OS could well be less with low-dose (30 mCi) than with high-dose (e.g. 100 mCi or more) RAI ablation performed early in the course of the disease.
Concerns regarding Schlumberger's and Mallick's 2012 New England Journal of Medicine articles In Schlumberger's article (Schlumberger et al. 2012) , 27 out of 684 patients were excluded from randomization following therapy due to 'persistent disease' on RxWBS without mentioning which of these patients received 30 vs 100 mCi of RAI. It is likely that more of these patients were in the 100 mCi group rather than the 30 mCi group as higher doses are more likely to demonstrate an abnormal focus of activity on a post-RxWBS (Tuttle et al. 2010) .
Schlumberger defines 'low-risk' DTC as pT1a (tumor diameter !1 cm) despite positive nodes, pT1b (tumor diameter !2 cm) despite positive nodes, and pT2 (tumor diameter 2-4 cm) but only if there are no positive nodes. Schlumberger does not consider Nx (lymph nodes not evaluated by a pathologist) as appropriate in patients with pT2 lesions (Schlumberger et al. 2012) . Why did these authors choose a 2 cm size cutoff? There are no data to suggest that less RAI is required to successfully treat a metastatic node with a primary tumor smaller than 2 cm. Should any patient with nodal metastasis receive only 30 mCi? The National Comprehensive Cancer Network (NCCN) (2013) recommends initial treatment of nodal thyroid metastasis with at least 100 mCi and up to 175 mCi of RAI regardless of the primary tumor size (www.nccn.org/professionals/physician_gls/pdf/thyroid. pdf (free registration required), assessed 12/22/2013). This is concordant with the recommendation in UpToDate (9/18/13) of administering 150 mCi of RAI for cervical and mediastinal node metastases (Tuttle 2012, www.uptodate. com/contents/differentiated-thyroid-cancer-radioiodinetreatment, assessed 12/22/2013). In Mallick's article (Mallick et al. 2012) , 21 patients (9.5%) who received an initial 30 mCi RAI dose underwent a second RAI treatment, when compared with nine patients (4.1%) who received an initial 100 mCi (PZ0.02). Out of these 30 retreated patients, one was retreated with 30 mCi, eight with 81-108 mCi, and 21 with O108 mCi. Although Mallick concluded that 30 mCi was an effective post-thyroidectomy RAI dose for DTC patients, the retreatment dose was O30 mCi in 29 out of 30 patients who failed initial RAI ablation. Clearly, the concern for successful ablation outweighed the concern for high-dose therapy risks.
Schlumberger et al. cited articles do not fully support their conclusions Schlumberger et al., cited three publications (their references nos 4, 5, and 6) to support a claim of 1% DTC recurrence rate after low-dose 'successful RAI ablation', which they define as i) a recombinant human thyrotropin (rhTSH)-stimulated thyroglobulin (Tg) level of 1.0 ng/ml or less and ii) a negative neck ultrasound at 6-12 months following RAI therapy. These citations are important and should be examined carefully as they provide the main supporting link for the contention that 'successful ablation' with 30 mCi is as effective as high-dose RAI in preventing recurrences in low-risk patients.
In Schlumberger's cited article no. 4, Cailleux et al. (2000) , 256 DTC patients were treated with 100 mCi of RAI and followed up for 6 months-9 years (median, 5 years). No patients received 30 mCi of RAI. Thus, this article cannot support the position of a 1% or less DTC recurrence rate following 30 mCi of RAI. With a median follow-up of 5 years, Cailleux et al. (2000) also did not address long-term follow-up.
Schlumberger's cited article no. 5, Pacini et al. (2002a) , is a retrospective study carried out in 315 of 662 consecutive patients who received post-operative ablation with 30-100 mCi of RAI and had a negative Tg at 6-12 months post-ablation. A diagnostic RAI WBS at that time was negative in 225 out of 315 (71.4%) patients, while 90 (28.6%) had residual thyroid bed activity; 61/90 (67.7%) received a second ablation and 7/61 (11.5%) required two additional ablations, and 29/90 (32.2%) patients were not retreated. Two patients (0.6%) had recurrent disease. This article cannot support a !1% recurrence rate with low-dose ablation. To do so would imply that the 61 retreated patients would have this low recurrence rate if they had not been retreated. It would also imply that there was no inherent bias for retreatment, including the seven patients who underwent not just one, but two additional RAI therapies. Furthermore, there was no discussion regarding which RAI dose was more effective as the subjects were treated over a wide range of 30-100 mCi, without knowing the individual ablation dose and follow-up.
In Schlumberger's cited article no. 6, Castagna et al. (2008) , 85 DTC patients received 30-150 mCi RAI, without any mention as to which dose was more effective. A wide range of RAI doses cannot be used to support the claim that successful ablation is associated with a 1% DTC recurrence rate in patients ablated with 30 mCi of RAI. The clinical follow-up was from 13-228 months, median 48 months, and is also too short to demonstrate long-term RFS and OS recurrence rate as DTC recurrences occur up to 30 years after RAI ablation (Mazzaferri & Jhiang 1994) .
Recent reviews of New England Journal of Medicine articles by Schlumberger and Mallick These two
New England Journal of Medicine 2012 articles were reviewed in the June 2013 Annals of Internal Medicine (Schlechte 2013) section entitled, 'Update in Endocrinology'. The critique mirrored our concern regarding insufficient long-term follow-up, stating 'The studies followed patients for only 6 to 9 months'. The review importantly concluded that 'Determining whether low risk patients can safely avoid the 100 mCi RAI dose will require another randomized study'. In other words, prospective, randomized, long-term studies comparing the efficacy of 30 vs 100 mCi RAI ablation in the low-risk DTC patient are required before we can conclude that ablation with 30 mCi of RAI is as effective in preventing DTC recurrence.
Another review of the New England Journal of Medicine articles in the Journal of Endocrinology also agrees with the Annals of Internal Medicine review, stating that 'Ablation success is a surrogate endpoint -the ultimate endpoint is reduction in the number of recurrences or disease-related mortality' (Links & van der Horst-Schrivers 2012) .
Other studies of low-vs high-dose ablation In the peer-reviewed literature, not all studies report equivalent efficacy between 30 and 100 mCi of RAI. A recent study on 259 DTC patients confined to the thyroid has reported that 100 mCi of RAI was significantly more effective in thyroid ablation than 30-50 mCi and also superior to 75 mCi (Prpic et al. 2012) . However, ablation rates were nearly similar after a second RAI dose. This second dose ranged from 30-100 mCi. Unfortunately, the authors did not explain their rationale for the second ablation dosage. Accordingly, this article cannot support low-dose ablation.
Three additional articles found low-dose RAI therapy to be less effective. In a meta-analysis of 19 studies, Doi & Woodhouse (2000) compared 518 patients ablated with 30 mCi against 449 ablated with 100 mCi, finding that 100 mCi of RAI was significantly more effective and concluded that one in seven recurrences would have been prevented by high-dose ablation. In an expansion of their original report, Doi & Woodhouse (2007) published a similar meta-analysis of risk of recurrence following high-vs low-dose ablation in 2584 patients (1094 low dose and 1490 high dose), finding further support for high-dose ablation in reduction of recurrent disease. Pacini et al. (2002b) stated that 'when using stimulation with rhTSH, a 30 mCi standard dose of RAI is not sufficient for satisfactory thyroid ablation'.
Limitations of classifying post-operative DTC patients as low-risk patients
The following points address the clinical limitations in classifying post-thyroidectomy DTC patients as low risk: i) as Mazzaferri states, 'cervical lymph node metastasis is associated with high recurrence rates' (Mazzaferri & Jhiang 1994 A 35-year follow-up of tumors !1 cm in size may identify regional and distant metastases, and relapses. Incidental tumors usually require little or no therapy, whereas non-incidental thyroid tumors usually require vigorous treatment. In this case, 'incidental tumors' are thyroid cancers diagnosed in the final histopathology report after thyroid surgery for benign disease, such as thyroid nodules or hyperthyroidism (Lin et al. 2008) . In Mazzaferri's long-term study of DTC survival, his 'cut off' for low-risk disease was a primary tumor of size !1.5 cm without lymph node metastasis (Mazzaferri & Jhiang 1994) . The New England Journal of Medicine articles define 'low risk' as a tumor !2 cm in size with lymph node metastasis or a tumor !4 cm in size without lymph node metastasis. Unfortunately, there are no long-term studies to support these different definitions of low risk.
Utilization of a preablation radioactive iodine scan by many nuclear medicine providers further outlines the limitations of clinical staging. For example, on preablation planar and SPECT/CT images after administration of 1 mCi of 131 I, Avram et al. (2013) identified unsuspected nodal metastases in 35% (112 out of 320) of patients and unsuspected distant metastases in w7% (23 out of 320) of patients. In this study, 57% of patients with a primary tumor %1 cm in size had nodal metastatic disease.
The importance of ablation success and administration of RAI as soon as possible
As with other cancers, it is probably best to treat DTC metastasis as early as possible. An investigation (Verburg et al. 2005) evaluating the prognostic significance of thyroid ablation reported an 87% 10-year disease-free survival after successful ablation with high-dose RAI and found that high-dose RAI had a one-third less risk of unsatisfactory ablation. The authors concluded that successful ablation 'as soon as possible' leads to a better prognosis and that the risks of high-dose RAI are insignificant compared with the estimated increase in life expectancy following successful ablation. Schlumberger et al. (1996) demonstrated that early treatment of lung metastasis significantly improves survival. Another group documented that patients with metastatic DTC who do not receive initial RAI treatment until more than 180 days after total thyroidectomy have a 4.2 times higher risk of death than those treated within 180 days (Higashi et al. 2011) . Mazzaferri & Jhiang (1994) also claimed that patients should be treated as early as possible. The patient adage 'do no harm', in DTC patients should include under-treatment by either low dose or delays in initial RAI therapy. In the end, we must keep in mind that most 'high-risk' patients began with 'low-risk' disease.
Risks of RAI therapy
Are those using 100 mCi of RAI for post-operative DTC ablation causing more secondary cancers and significantly more permanent salivary gland problems than those using 30 mCi of RAI? In recent years, concerns regarding the harmful effects of ionizing radiation from diagnostic imaging (typically X-rays from CT scanners) have been generalized to beta particle radiotherapy, i.e. RAI therapy. Importantly, Schlumberger's article stated that there was 'no difference in salivary gland problems' between those receiving 30 mCi and those receiving 100 mCi (Schlumberger et al. 2012). Lacrimal problems ('watery eyes') were also evaluated with little difference found between the ablation groups. If these perceived problems are related to the dose of administered activity, the number of salivary and lacrimal gland problems would be expected to be greater in the 100 mCi group than in the 30 mCi group.
Salivary gland and dental risks from RAI therapy
Mandel & Mandel's article An article frequently referenced by those claiming a significant incidence of severe RAIinduced salivary gland damage by high-dose RAI is by Mandel & Mandel (2003) . Importantly, the article consists mostly of anecdotes. An image in this report from a sialogram demonstrates mild narrowing of Stensen's duct, presumed to be newly developed 17 months after RAI therapy. A neck CT image illustrates a mildly hyperdense parotid gland '10 months after RAI therapy'. This CT finding, however, is not diagnostic of significant permanent salivary gland damage. Colleagues of one of the authors described three patients with stomatitis, '.the origin of which can only be hypothesized'. However, 'a literature search revealed no such reports'. These authors suggest that these salivary gland side effects are dose dependent, occurring with doses R350 mCi. This article does not provide sufficient objective evidence that high-dose RAI therapy produces significantly greater permanent salivary gland damage than low dose, nor does it discuss the incidence of these alleged salivary gland problems or other reported dysfunctions in a matched, untreated population, particularly when compared with an increased risk of recurrent DTC that may well occur with low-dose RAI at baseline.
Grewal et al.'s article Another series that reviewed salivary gland side effects in RAI-treated patients (Grewal et al. 2009 ) stated that '.when analysis was based on the entire treatment cohort (262 patients followed for a median of 7 years), persistent dry mouth was noted at the time of last follow-up in 2%, altered taste in 1%, salivary pain in 0.4%, and tear duct blockage in 0.8%'. There was no significant difference in the administered RAI doses between those who did and those who did not develop dry mouth, alterations in taste, or salivary gland pain.
Quantifying salivary excretion To allow for an objective measure of salivary gland function following RAI therapy, several articles claim to quantify salivary excretion before and after lemon juice stimulation. However, there is no currently validated scintigraphic method for quantifying salivary gland function.
One major problem for this assessment is that there is no universal agreement on where to place the background region of interest (ROI). This seemingly 'minor' issue is critical in producing reliable results. If a mouth or oral background ROI is used, how can it be separated from salivary activity when the salivary glands are continually producing oral activity that is increasing background activity? Oral activity is also affected with swallowing. To address this problem, two groups recommend background ROIs outside the mouth. One used the brain (Bohuslavizki et al. 1996) and the other used the shoulder (Malpani et al. 1996) . It is hard to understand as to how these remote sites could represent background activity in the salivary region. The second group of investigators (Malpani et al. 1996) also stated that the site of a background ROI must be placed with an accuracy of one pixel. This is not realistic. 124 I PET/CT has also been recently investigated as a method to quantify the organ-specific absorbed dose to salivary glands from 131 I administration (Jentzen et al. 2010 , Hobbs et al. 2013 . Interestingly, the initial results have shown calculated radiation doses to the salivary glands that were less than expected. In these initial 124 I
PET/CT dosimetry studies, the clinical effects of different doses have not been prospectively reviewed and a linear correlation between radiation dose and symptoms has not been reported. Future studies using 124 I PET/CT, which clearly examine salivary gland radiation dosimetry and salivary function, will need to be carried out to determine whether currently administered 131 I doses have radiationabsorbed dose ranges that are associated with significant salivary gland effects. Despite the innate challenges in objectively assessing salivary gland function, there are a few articles attempting to show quantitative effects of RAI therapy on salivary gland function. A typical example is a recent paper (Jeong et al. 2013) Another article (Bohuslavizki et al. 1996) cited by the same investigators used 99m Tc-pertechnetate to measure salivary gland function before and after RAI therapy for both benign and malignant thyroid diseases. Their results indicated that even low RAI doses affected salivary gland function. Patients treated with 10.8-27 mCi had mean post-treatment values that were equal to or lower than a group treated with 162-243 mCi. This reported finding is concerning as the lower doses fall into the therapy range for benign thyroid disease, and suggest that salivary gland side effects are not linearly related to RAI dose. Accordingly, studies recommending an objective, absolute, and quantitative assessment of salivary function must be carefully scrutinized.
Risk of dental caries and oral problems A 2007 publication reported an increased incidence of dental caries following RAI therapy. The authors acknowledged that their results 'need independent confirmation' (Walter et al. 2007) . The investigators were unable to link the increase in dental caries with sialadenitis or xerostomia. Their speculation for this apparent dichotomy was that (it) '.might be due to the fact that continuous variables, in contrast to dichotomous or categorical variables, facilitate the detection of significant predictors'. This is confusing. Nevertheless, the authors of UpToDate (9/18/13) (Tuttle 2012, www.uptodate .com/ contents/differentiated-thyroid-cancer-radioiodine-treatment, assessed 12/22/2013), referencing this article, stated that '.dental caries and teeth extractions were markedly higher in patients who developed post-RAI xerostomia'. The authors claimed that RAI might contribute to dental caries up to 15 years after administration, a surprising conclusion.
The same article cites the article by Mandel & Mandel (2003) claiming that loss of taste, another potential complication of RAI, can become permanent. Mandel and Mandel did state that loss of taste may become permanent, but did not substantiate this conclusion with studies or references. Hence, this may be another example of a supposition becoming 'fact,' which can be misleading to unwary clinicians.
Alleged increased risk of secondary primary malignancies from high-dose RAI therapy We found only one large series (6871 patients) correlating RAI dose with secondary primary malignancies (SPMs) per number of person-years of follow-up (PYR) (Rubino et al. 2003) . This study on 6871 patients is often cited. Although the unproven linear no-threshold model states that there is a linear relationship between an increasing radiation dose and a stochastic effect, referring to the incidence of SPMs, this article does not confirm this principle (Table 1) .
These results are not linear. The article concluded that there was an excess of 53 cases of solid malignancy and three cases of leukemia per 10 years among 10 000 patients treated with 100 mCi of 131 I. It appears that the assumed 'goal' of those recommended lower RAI doses is to further decrease these extremely low incidences of SPMs reported previously.
In a review and meta-analysis of two multicenter studies (one from Europe and the other from North America), Sawka et al. (2009) concluded that the risk of SPMs in thyroid cancer survivors treated with RAI is slightly increased compared with thyroid cancer survivors not treated with RAI.
Tuttle's group has recently published an analysis of the Surveillance, Epidemiology, and End Results (SEER) database and concluded that RAI therapy needed to be 'rationed' in low-risk DTC patients (Iyer et al. 2011) . Tuttle reported an 'excess absolute risk' of 1.6 cases of leukaemia/10 000 PYR in RAI-treated patients. However, a significant limitation of this analysis is that the SEER program does not provide RAI administered doses; and hence is unable to correlate RAI dose with the risk of SPMs.
After analyzing the SEER database, another group came to a conclusion contrary to that of Tuttle's, stating that the use of RAI does not elevate the risk of SPMs. This group recommended that '.concern for SPM induction should not adversely affect the decision to administer RAI for DTC' (Bhattacharyya & Chien 2006) . Verkooijen et al. (2006) reported an increased incidence of SPMs in DTC patients, but this increase was not related to RAI therapy. This brings to mind a 1968 article (Saenger et al. 1968 ) that reported an increased incidence of leukemia in patients treated with RAI for hyperthyroidism. The study also found that this increase in leukemia was similar in hyperthyroid patients treated with surgery. In other words, patients with thyroid disease had an increased incidence of leukemia, irrespective of whether or not they received RAI. A 1998 article from the same cooperative study (Ron et al. 1998 ) with a much longer follow-up of the same 35 593 patients demonstrated no increase in overall cancer mortality in the RAI-treated hyperthyroid patients, with a standard mortality ratio of 1.02. In 738 831 person-years of follow-up, no increased overall cancer mortality was found in RAI-treated vs non-RAI-treated hyperthyroid patients. The authors also made the following important comment relevant to all RAI therapeutic interventions: '.the effectiveness of I-131 in killing thyroid cells presumably reduces the likelihood of malignant cell transformation (Ron et al. 1998)'.
Recent trends recommending no post-operative RAI ablation in low-or intermediate-risk DTC patients
A recent article proposes monitoring of post-thyroidectomy 'low-risk' DTC patients without RAI ablation (Rosario et al. 2012) . Patients studied in this article had initial stimulated Tg values of !1.0 ng/ml, and their follow-up consisted of monitoring non-stimulated serum Tg levels and neck ultrasound. None of these patients had the further assurance of 'absent disease' with a negative post-RxWBS. Lymph node metastases were 'excluded' by ultrasound and the lack of suspicious nodes at surgery. Prophylactic cervical node dissection was not performed. Patient follow-up ranged from 12 to 72 months (mean, 44). However, the authors concluded that a larger number of patients with longer follow-up were needed to confirm this approach in the post-operative follow-up of 'low-risk' non-RAI-ablated DTC patients.
Another article (Ibrahimpasic et al. 2012) recommended no post-operative RAI ablation in lowand intermediate-risk patients with unstimulated Tg !1.0 ng/ml, claiming equivalent outcomes when comparing non-RAI-treated patients with RAI-treated patients. The authors support using unstimulated Tg, '.because recurrence rates are so low with unstimulated Tg measurements, one can argue that the routine use of stimulated Tg in these patients to detect biochemical In addressing the practical clinical value of Tg surveillance, these authors state, 'It is important to note that our data cannot conclude that intermediate-risk patients who are young with large tumors and positive neck disease do not benefit from RAI'. Can we presume from this that the authors are certain that if these young patients have tumors !4 cm in size, they would not benefit from RAI even though recurrences clearly do occur in patients with tumors !4 cm in size (Fig. 2) ? Moreover, how do the authors define 'positive neck disease', and how do they definitively exclude it?
An article by Tran Cao et al. (2012) addressed patient age and concluded, '.the presence of regional and metastatic thyroid cancer bears prognostic significance for all ages. Under current AJCC guidelines, young patients with metastatic thyroid cancer may be understaged'. Handkiewicz-Junak et al. (2007) evaluated 235 DTC patients aged 18 years or younger and reported that total thyroidectomy with modified lymphadenectomy performed for local metastasis, followed by RAI ablation, was associated with a substantial decrease in DTC locoregional recurrence, using a body-weight scaled high-dose protocol. Would this not also apply to DTC patients over the age of 18?
A recent publication has reported that the number of metastatic DTC nodes should be determined before post-operative RAI ablation is performed . The article has recommended no RAI with nodal metastasis unless there are more than ten metastatic nodes that are !5 mm in size, or more than five metastatic nodes of which the majority are 5-15 mm in size, or any single node more than 15 mm in size. The authors state, '.these are clearly arbitrary criteria for indications of RAI treatment' (emphasis ours; . Accordingly, the validity of this approach is unestablished, stressing the need for prospective trials that would confirm or refute these criteria and in order to firmly establish the clinical management that would minimize the risk of recurrent DTC. These authors' proposed arbitrary criteria defining significant node metastasis could under-stage up to 20% of DTC patients, as discussed above (Tuttle et al. 2010) .
Conclusion
In our opinion, the current literature does not support either the routine use of 30 mCi of RAI as an ablation dose or not ablating certain low-or intermediate-risk DTC patients. At all five of our institutions using a minimum dose of 100 mCi for post-operative RAI therapy remains the standard of care, unless there are exceptional circumstances requiring dose reduction.
Studies comparing 30 mCi with 100 mCi RAI ablation have produced contradictory results, are mostly retrospective, and do not have sufficient long-term follow-up or adequately address cancer recurrence rates (Mallick et al. 2012) . As a recent article from the Sloan-Kettering group points out, '.retrospective analysis can never take into account all the selection bias that is inherent in these studies (Ibrahimpasic et al. 2012) '. Furthermore, as discussed by Maxon et al. (1997) , delivery of 300 Gy to remnant thyroid tissue, and O80 Gy to lymph node metastases, is required for an 80% success rate. In their report, not a single metastasis responded to therapy that received !35 Gy (Maxon et al. 1997) . A 30 mCi dose may be insufficient.
The significant limitations of the two recent New England Journal of Medicine articles recommending no postoperative RAI in low-risk patients are described above. In one article, the authors agree that their study should be repeated with a longer follow-up period (Rosario et al. 2012) . In the other study, significant differences were present between the non-ablated and ablated cohorts (Ibrahimpasic et al. 2012) . As discussed, the use of unstimulated Tg levels and neck ultrasound for followup is very concerning as both modalities have serious limitations.
Additionally, there is inadequate evidence in the peerreviewed literature to support the concept that high-dose RAI ablation causes harm compared with low-dose or even no RAI, regarding the incidence of SPMs or salivary gland dysfunction. To date, the evidence of serious risks associated with RAI therapy is weak and contradictory and, for the most part, is actually reassuring that any risk in RAI therapy is of a low magnitude or frequency. The potential risk of adverse RAI effects must be weighed against the risk of dying from recurrent DTC, which is O8% in a 30-year follow-up period of patients not treated with RAI (Fig. 1) . Long-term, e.g. 15 years, prospective randomized trials are needed to validate or negate the use of high, low, or no dose RAI ablation in the low-or intermediate-risk patient with DTC.
Therefore, the authors propose that until long-term studies support a change to low-dose 131 I therapy, the low-risk DTC patient should continue to be initially treated as soon as possible with at least 100 mCi of 131 I, particularly given the trend toward less aggressive surgery that may result in leaving more thyroid tissue and/or tumors behind. Perhaps, a long-term prospective study utilizing preablation scanning with 124 I PET dosimetry could permit a more exact calculation of an 131 I dose that will provide for successful ablation of remnant thyroid tissue and metastatic thyroid cancer using the lowest possible dose of 131 I.
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